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(54) Fastener and panel assembly and method of making same 

(57) A method of riveting a plurality of panels utilizing 
a fastener which may then be used to attach a further 
element to the panel assembly and wherein the fastener 
is first permanently attached to a first panel for a later 
attachment to a second or plurality of panels to form the 
fastener and panel assembly. The fastener is attached 
to the first panel by piercing a tubular barrel portion 
through the panel and affixing the first panel i n an annular 
groove in a flange portion surrounding the barrel portion. 
The groove includes radial ribs preventing rotation of the 
fastener in the first panel and a radial rib is deformed in 
an outer surface of the barrel portion preventing pull-out 
of the fastener. The second and further panels are pre- 
pierced with a conical lip surrounding the panel opening 
and received on the barrel portion of the fastener with 
the conical lip facing the f irst panel. An annular recess is 
famed in the first panel which recedes the conical lip of 
the second panel and the free end of the barrel portion 
isdeformed over the second panel, flattening the conical 
lip radially inwardly against the barrel portion, forming a 
secure mechanical interlock between the fastener and 
the panel assembly. 
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Description 

FIELD OF THE INVENTION 

This invention relates to an improved fastener and 
panel assembly, wherein the fastener is permanently 
attached to a plurality of panels retained in face-to-face 
relation and the fastener may then be utilized to retain a 
structural element to the panel assembly. The method of 
this invention is particularly adapted for mass production 
applications, such as automotive applications, requiring 
intimate contact between the panels, which may be rel- 
atively heavy gauge steel panels, and the fastener may 
be self-piercing and clinching. 

BACKGROUND OF THE INVENTION 

Self-attaching fasteners are now used extensively in 
mass production applications by the automotive and 
appliance industries, for example, to permanently attach 
a structural element to a panel, such as a metal bracket 
frame member or body panel. U.S. Patent Nos. 
2,707,322 and 3.648,747 disclose pierce nuts which 
have been widely accepted by the automotive industry, 
wherein the pierce nut is permanently attached to a 
metal panel in a die press, and the press may also be 
utilized to form the metal panel into a contoured shape. 
A pierce nut is permanently installed in the metal panel 
with each stroke of the press, wherein the pilot portion 
of the pierce nut pierces a slug from the panel and the 
panel is then deformed into grooves provided in the body 
portion of the nut U.S. Patent Nos. 4,555,838 and 
4,61 0.072 disclose improved fastening systems for per- 
manently installing male and female fasteners in a panel 
in mass production applications. A fastener in such fas- 
tening systems include a tubular or annular barrel portion 
which is riveted to the panel during the installation. The 
tubular barrel portion may be utilized to pierce a slug from 
the panel, which is received in the tubular barrel portion 
as disclosed in U.S. Patent No. 4,555,838, or a punch 
may be utilized to pre-pierce or simultaneously pierce the 
panel as disclosed, for example, in US. Patent Nos. 
4,71 1 ,021 4,831 ,698 and 4,71 3,872. In recent years, the 
automotive industry, for example, has substantially 
reduced the weight of vehicles to improve fuel efficiency 
and the thickness of the metal panels and plates utilized 
by this industry has also been reduced. These fastener 
systems were designed, in part, to attach a fastener to 
thinner panels, induding steel panels having a thickness 
of about 0.030 inches. 

There is a need, however, for a fastener system for 
heavier gauge panels and fastener systems having 
improved torque resistance. The fastener system dis- 
closed in the above-referenced co-pending application 
may be utilized with a broader range of panel thick- 
nesses, including steel panels ranging in thickness from 
0.75mm to 4mm. 

There is also a need for a fastener system which 
attaches a plurality of panels in face-to-face relation 



which has not been met by the fastener systems dis- 
closed in the above-referenced patents. At present steel 
panel assemblies are typically attached by spot welding. 
A weld fastener is attached to one of the panels, forming 

5 a fastener and panel assembly. For example, the axle 
housing of an automobile may be attached to a U-shaped 
frame assembly which comprises two nested steel pan- 
els which are spot welded together. Holes are formed in 
the panels where the fasteners are required to attach the 

10 axle assembly to the frame and the fasteners are welded 
to the inside panel aligned with the holes. The frame 
assembly may then be dip coated with wax to reduce cor- 
rosion; however, the liquid wax wicks between the panels 
because the panels are not in intimate contact When 

75 bolts are threaded into the weld nuts attached to one of 
the panels, the panels are compressed and the wax is 
extruded from between the panels. However, because 
the wax is viscous, it is extruded slowly and the bote 
must be tightened several times to ensure a tight con- 

so nection. Further, the welded fasteners may also be sub- 
ject to failure under high torque loads. 

The fastener and panel assembly of this invention 
may be utilized to attach a plurality of panels in intimate 
matting face-to-face relation such that wax, for example, 

25 will not wick between the panels and the fastener pro- 
vides improved torque resistance. Further, the fastener 
is self-piercing, such that the fastener may be utilized in 
mass production applications in a die press. The method 
of this invention may also be used to interconnect two or 

30 more panels together in a conventual die press and pro- 
vides improved pull-out and push-through resistance. 
Thus, the fastener and panel assembly of this invention 
provides important advantages over the prior art and ful- 
fills a need which is not met by the present fastener 

35 assemblies. 

SUMMARY OF THE INVENTION 

The fastener and panel assembly of this invention 

40 includes a plurality of plastically deformable panels per- 
manently retained in face-to-face relation and a fastener 
for attachment of other elements to the panel assembly. 
The fastener includes a barrel portion, preferably a tubu- 
lar portion, which may be utilized to pierce an opening in 

45 the first panel, as described below in regard to the 
method of this invention. The fastener further includes a 
flange portion which extends radially from the barrel por- 
tion, generally perpendicular to the banel portion, and a 
fastener portion generally opposite the barrel portion. 

so Where the fastener is a female or nut-type fastener, the 
fastener may include a threaded bore which is coaxially 
aligned with the barrel portion or a smooth bore which 
receives a self-tapping or thread-rolling screw or bolt. 
Where the fastener is a male fastener, such as a stud or 

55 bolt fastener, the fastener portion extends from the 
flange portion coaxially aligned with the barrel portion. 
In the most preferred embodiments, the flange portion 
includes a groove adjacent the barrel portion which sur- 
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rounds the barrel portion to provide a mechanical inter- 
lock between the fastener and the first panel. 

"TVie fastener and panel assembly of this invention 
farther includes a first panel having an opening which 
receives the fastener barrel portion and the first panel s 
bears against the fastener flange portion and is prefera- 
bly deformed in the flange portion groove to retain the 
fastener to the first panel. In the most preferred embod- 
iment, the outer surface of the barrel portion includes a 
radial annular rib spaced from the free end of the barrel 10 
portion which bears against the first panel, entrapping 
the first panel in the annular groove in the flange portion. 
As described below in regard to the method of this inven- 
tion, the annular rib is preferably deformed from the bar- 
rel portion as the fastener is affixed to the first panel. is 

The fastener and panel assembly further includes a 
second panel having an opening which receives the bar- 
rel portion therethrough and the free end of the barrel 
portion is deformed radially outwardly over the second 
panel, permanently attaching the panels together in 20 
face-to-face relation with the fastener portion extending 
from the first panel to attach another element to the panel 
assembly, as described above. In the most preferred 
embodiment, the first panel includes an annular groove 
or recess which surrounds the barrel portion which is 25 
formed into the first panel as the panel is deformed into 
the annular groove of the flange portion of the fastener. 
The second and further panels are then deformed into 
the annular recess in the first panel, forming an intimate 
face-to-face contact between the panels secured by the so 
fastener. The free end of the barrel portion is preferably 
deformed radially outwardly into an arcuate hook-shape 
over an edge of the second panel surrounding the sec- 
ond panel opening and the second panel is deformed 
radially inwardly against the barrel portion forming a very 35 
secure mechanical interlock between the fastener and 
the second panel. 

The preferred method of attaching a plurality of pan- 
els together in face-to-face relation with a fastener of this 
invention includes locating a fastener opposite a first 40 
panel with the free end of the barrel portion facing the 
f irst panel. The method then includes driving the fastener 
barrel portion free end against the first panel, piercing 
an opening in the first panel, then driving the fastener 
barrel portion through the opening in the first panel and 45 
securing the fastener to the first panel. The method fur- 
ther includes forming an opening in a second panel con- 
figured to receive the barrel portion of the fastener, then 
locating the second panel on the first panel in face-to- 
face relation with the fastener barrel portion extending so 
substantially through the second panel opening and 
finally deforming the fastener barrel portion radially out- 
wardly to securely rivet the second panel to the first panel 
and mechanically affix the fastener to the panel assem- 
bly with the fastener extending from the first panel to 55 
attach further elements to the panel assembly. Two or 
more panels may be attached to the first panel by the 
method of this invention. 
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In many applications, it is preferable to securely 
retain the fastener to the first panel prior to receipt and 
securement of the second and further panels. In a mass 
production application, for example, the fastener may be 
attached to the first panel at one location, such as where 
the first panel is deformed into a configured shape. The 
fastener and first panel assembly is then moved to a sec- 
ond station where the fastener and first panel assembly 
is attached to a second panel. In mass production appli- 
cations, the fastener and first panel assembly may be 
loaded into a bin with other assemblies and the fastener 
may become dislodged from the first panel unless the 
fastener is securely retained to the first panel. Further, 
as described above, the fastener may be subjected to 
torque bads in the panel assembly and thus the fastener 
must be provided with anti-rotation means in such appli- 
cations. Thus, as descrfoed above, the fastener prefera- 
bly includes an annular groove in the flange portion 
adjacent the barrel portion which surrounds the barrel 
portion. In the most preferred embodiment, the groove 
is generally V-shaped, extending radially inwardly toward 
the barrel portion and the groove includes a plurality of 
radial ribs which generally bridge the V-shaped groove. 
The method of this invention then includes deforming the 
first panel adjacent the panel opening into the annular 
groove in the flange portion forming a mechanical inter- 
lock between the first panel and the fastener, wherein the 
ribs prevent rotation of the fastener in the panel assem- 
bly. Further, an annular recess is preferably deformed in 
the first panel as the panel is deformed into the annular 
groove in the barrel portion and the second panel is 
deformed into the annular recess in the first panel, form- 
ing an inti mate face-to-face relation between the first and 
second panels, preventing entry of foreign material 
between the panels, including the wax coating which 
may be applied to the panel assembly. 

In a preferred method of this invention, the second 
panel is deformed in the assembly process, preferably 
as the opening is formed in the second panel, by forming 
a generally conical or frusto-conical Hp surrounding the 
opening in the second panel having a free circular edge 
spaced from the plane of the second panel. The method 
then includes locating the second panel on the first panel 
with the frusto-conical lip bearing against the first panel. 
The method then includes flattening the conical lip radi- 
ally inwardly against the barrel portion of the fastener as 
the free end of the barrel portion is deformed radially out- 
wardly to permanently secure the panel assembly. If 
additional panels are attached over the second panel, 
the additional panels are preferably deformed to provide 
a frusto-conical lip surrounding the panel opening, as 
described. 

Where two or more panels are attached by the fas- 
tener, the panels may be pierced and formed simultane- 
ously. The panels are preferably retained in face-to-face 
relation, such as by spot welding, then pierced and 
deformed adjacent the pierced opening to form a f rusto- 
oonical lip surrounding the opening in both panels. The 
fastener barrel portion is then located in the pierced 
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panel opening with the frusto-conical lip facing the radial 
flange. The frusto-conical lip is then driven against the 
first panel, flattening the conical lip of the panels, deform- 
ing the lips radially inwardly against the exterior surface 
of the barrel and the free end of the barrel is simultane- 
ously deformed radially outwardly over the last panel, 
forming a secure mechanical interlock between the fas- 
tener and panel assembly. 

The barrel portion of the most preferred embodiment 
of the fastener includes a first portion having a diameter 
adjacent the free end of the barrel portion which is less 
than a second larger diameter portion adjacent the 
flange portion, defining a radial shoulder at the junction 
between the first and second portions. The anti rotation 
ribs may extend from the groove into the second larger 
diameter portion, provkfing improved torque resistance 
for the fastener and panel assembly. The method of this 
invention then includes driving the barrel portion through 
the panel opening to receive the second larger diameter 
portion of the barrel portion in the panel opening. Where 
the panel opening is pierced by the barrel portion, the 
barrel portion preferably includes an outer edge which 
pierces an opening in the panel having a diameter gen- 
erally equal to the first smaller diameter portion of the 
barrel portion Where the panel is prepierced, the diam- 
eter of the panel opening is preferably less than the diam- 
eter of the second larger portion of the barrel portion. 
The radial shoulder is then deformed radially outwardly 
forming a radial rib against the f irst panel, entrapping the 
first panel in the groove or recess in the flange portion. 
Thus, the fastener is securely retained on the first panel 
prior to receipt of the second panel, which is desirable in 
mass production applications for the reasons set forth 
above. 

The fastener and panel assembly and method of this 
invention will be more fully understood from the following 
description of the preferred embodiments, appended 
claims and drawings, a brief description of which is set 
forth below. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is an end perspective view of an improved 
female fastener which may be utilized in the fastener 
and panel assembly and method of this invention; 
Figure 2 is a side partially cross-sectioned view of 
the female fasten®- shown in Figure 1 ; 
Figure 3 is a side partially cross-sectioned view of 
the fastener shown in Figures 1 and 2 as the fastener 
is being installed in a first panel in a die press; 
Figure 4 is a side partially cross-sectioned view of 
the fastener and first panel assembly in a die press, 
similar to Figure 3, after installation of the fastener 
in a first panel; 

Figure 5 is a side partially cross-sectioned side view 
of a die press assembly which may be used to form 
the second panel; 



Figure 6 is an enlarged side partially cross-sec- 
tioned view of the die press shown in Figure 5 fol- 
lowing piercing and forming of the second panel; 
Figure 7 is a partial side cross-sectional view of the 

5 opening formed in the second panel; 

Figure 8 is an exploded partially cross-sectioned 
side view of the first panel and fastener assembly 
show in Figure 4 in a die assembly attaching a sec- 
ond panel formed as shown in Figures 5 and 6; 

io Figure 9 is a partially cross-sectioned side view sim- 
ilar to Figure 8 following installation of the fastener 
to the second panel; 

Figure 1 0 is a side view of a typical installation of the 
fastener and panel assembly of this invention during 
is attachment of a further element; and 

Figure 1 1 is an enlarged side partially cross-sec- 
tioned view of the fastener and panel assembly 
shown in Figure 10; 

Figure 12 is a side, partially cross-sectioned view, 

so similar to Figure 6, illustrating piercing and forming 
a plurality of panels in nested relation; 
Figure 1 3 is an enlarged view of the formed opening 
in the panels shown in Figure 12; and 
Figure 1 4 is a side, partially cross-sectioned view, of 

25 a fastener and panel assembly, wherein the panels 
formed as shown in Figures 12 and 13 are attached 
to the fastener and the first panel assembly. 
Figure 1 5 is a drawing similar to Figure 2 in the right- 
hand half but showing an alternative design of the 

30 anti-rotation means in the left-hand half in the form 
of knurled splines or axial ribs, 
Figure 16 is a drawing similar to Figure 15 shown 
partly in section of an alternative embodiment of a 
nut element, and 

35 Figure 1 7 is an enlarged view of the detail enclosed 
in a circle in Figure 16. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS OF THE INVENTION 

40 

Figures 1 and 2 illustrate a preferred embodiment of 
a fastener 20 which may be utilized in the fastener and 
panel assembly and method of installation of this inven- 
tion in the form of a female fastener. The fastener 20 

45 includes a barrel portion 22, which is preferably annular 
or tubular, a radial flange portion 24 adjacent the barrel 
portion 22, which extends generally perpendicular to the 
barrel portion, and a fastener portion 26 generalh oopo- 
site the barrel portion 22. In a preferred embodirr * '. the 

so free end 28 of the barrel portion is self-piercing, * n is 
particularly advantageous in many mass protection 
applications. In this preferred embodiment of the method 
of this invention, the radial outer edge 30 of the free end 
28 of the banel portion 22 is relatively sharp, as best 

55 show in Figure 2. to pierce a slug from the panel having 
an inside diameter generally equal to the outside diam- 
eter 32 of the free end of the barrel portion as described 
below in regard to the method of this invention. Further, 
the outside diameter of the barrel portion at 32 adjacent 
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the free end 28 is smaller than the outside diameter at 
34 adjacent the flange portion 24 defining a radial shoul- 
der 36, as best show in Figure 1 . Thus, as the barrel por- 
tion is driven into the opening pierced by the smaller 
diameter barrel portion 32 the larger diameter portion 34 5 
provides an interference fit with the hole in the first panel, 
as described below. 

The flange portion 24 includes an outer annular 
panel bearing surface 38 and an annular groove 40 adja- 
cent the barrel portion 22 and surrounding the barrel ppr- 10 
tion. As best show in Figure 2, the groove 40 is V-shaped 
having a bottom wall extending radially into the bearing 
surface 38 of the flange portion toward the barrel portion 
and an inside wall coincident with the outer surface 34 
of the barrel portion. In the preferred embodiment, the 
groove includes a plurality of spaced radial ribs 42 which 
extend from the groove into the surface 34 of the larger 
diameter barrel portion, providing excellent torque resist- 
ance of the fastener in the panel assembly. 

As descrfoed above, the disclosed embodiment of 
the fastener 20 is a female fastener having an internally 
threaded bore 44 which is preferably coaxially aligned 
with the internal surface 46 of the barrel portion. Where 
the female fastener is used with a self-tapping or thread 
rolling screw or bolt the bore 44 will be unthreaded. Fur- 
ther, as described above, the fastener 20 may be a male 
fastener, wherein the fastener portion 26 may be solid 
and the free end may be threaded, for example, to pro- 
vide a bolt fastener in the fastener and panel assembly 
of this invention. In the disclosed embodiment, the 
female fastener portion 26 includes a tubular portion 48 
and a sealing cap or slug 50 which is retained in a slot 
52 in the free end 54 of the tubular portion 48 and the 
free end 54 is deformed or coined over the cap 52 as 
shown in Figure 2. A sealing cap 50 is provided in appli- 
cations where foreign material must be kept out of the 
fastener assembly, such as automotive applications 
where the panel and fastener assembly is coated or 
where the fastener assembly is subjected to oil, dirt and 
road debris. 

Figures 3 and 4 illustrate the Installation of the fas- 
tener 20 in a first panel 58. In a typical application, the 
panel 58 is steel, such as low carbon, 1010 steel or high 
strength, low alloy steel (HSLA), and the fastener 20 is 
formed of a harder steel, such that the barrel portion 22 
will pierce the steel panel 58. A suitable material for the 
fastener is a 35 carbon steel with boron, such as a 10 
B35 or 35B2 wherein the nut may be heat treated to 
Class 1 0. The fastener 20 may be installed in a die press 
and the panel 58 may be preloaded by a conventional 
stripper plate (not shown). In the installation shown in 
Figures 3 and 4, the fastener 20 is received in a fastener 
installation head in the upper die shoe of a die press (not 
shown), which includes a reciprocating plunger 60 which 
bears against the driven surface 56 of the flange portion 
24. A female die member or die button 62 is located in 
the lower die shoe assembly (not shown) and the free 
end 28 of the barrel portion 22 is driven against the first 
panel 58 by the plunger 60, as shown by arrows 64. The 



die button 62 includes a bore 66 which receives the panel 
slug and an annular spanking lip 68 which deforms the 
panel into the groove 40 as described below in regard to 
Figure 4. The die button 62 further includes a relatively 
sharp piercing edge 70 adjacent the bore 66 which coop- 
erates with the piercing edge 30 of the barrel portion 22 
to pierce a slug from the panel, as now described. 

In the method of this invention, the fastener 20 is first 
located by the installation head with the free end 28 of 
the barrel portion 22 located opposite the panel 58 coax- 
ially aligned with the bore 66 of the die button 62 as 
shown in Figure 3. The plunger 60 is then actuated to 
drive the free end 28 of the barrel portion 22 against the 
panel and the relatively sharp cutting or piercing edge 
30 of the barrel portion 22 cooperates with the relatively 
sharp cutting or piercing edge 70 of the die button to 
pierce a slug 72 from the panel, as shown in Figure 4. A 
V-shaped spanking lip 68 then deforms the panel portion 
74 into the V-shaped groove 40 in the flange portion 24 
and the outer annular bearing surface 38 is driven 
against the first panel 58 as shown in Figure 4. In the 
most preferred embodiment of the method of this inven- 
tion, the cutting edge 70 of the die button simultaneously 
deforms an annular rib 76 radially outwardly from the 
radial shoulder 36 of the barrel portion shown in Figures 
1 to 3. The annular radial rib 76 is driven against the 
deformed portion 74 of the first panel, entrapping the 
panel in the groove 40 and forming a mechanical inter- 
lock between the first panel 58 and the fastener 20. The 
spanking Gp 68 of the die button 62 further deforms a 
shallow V-shaped annular recess 78 in the first panel 
which receives the second panel, as described below. 
Further, the enlarged diameter portion 34 of the barrel 
portion is driven through the pierced panel opening, pro- 
viding an interference fit further improving the pull-out 
strength of the fastener from the first panel assembly. 

As described above, it is preferable particularly in 
mass production applications, to securely retain the fas- 
tener to the first panel, prior to receipt of the second 
panel, as described below. In a typical mass production 
application, the fastener 20 may be attached to the first 
panel 58 at one station and the second panel may be 
attached to the assembly at a later station. The first panel 
and fastener assembly may be loaded in bins, for exam- 
ple, subjecting the assembly to pull-out and vibrational 
forces. Further, as described above, the fastener and 
panel assembly of this invention preferably provides an 
intimate matting contact between the panels and the fas- 
tener may be subject to substantial torque during attach- 
ment of a further element to the panel assembly, as 
described below. Thus, the fastener and first panel 
assembly is preferably mechanically interlocked to pro- 
vide a secure installation prior to receipt of the second 
panel. In a typical application, the push-out strength of 
the fastener 20 in the first panel formed by the method 
of this invention is 8 Kn or greater. Further, the radial ribs 
42 are driven into the panel portion 74 as the enlarged 
diameter portion 34 of the barrel portion is driven into the 
panel opening, providing excellent torque resistance for 
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the panel assembly. The first panel 58 and fastener 
assembly is now ready for receipt of the second panel, 
as described below. 

The second panel 80 is prepierced for receipt of the 
barrel portion 22 and is preferably deformed adj acent the 
opening to form a conical Gp surrounding the opening, 
which may be formed by the apparatus shown in Figures 
5 and 6. The upper die platen 82 is attached to the upper 
die shoe 84 of the die press by conventional means. The 
lower die platen 86 includes a die member or die button 
88 and a plunger 90 is attached to the upper die shoe by 
piate or bracket 91 . The upper die platen includes a bore 
92 which receives the plunger and an annular resilient 
bumper or bushing 94 is retained in a counter-bore in the 
bore 92. The die button 88 includes a central bore 96 
which receives the plunger 90 and a die cavity 98 which 
forms the panel, as described below. The upper die shoe 
is spring biased by coil springs 1 00, normally separating 
the upper die platen 82 from the die shoe 84. When the 
upper die shoe 84 is lowered by the die press, the plunger 
90 pierces a slug 1 02 from the panel, as shown in Figure 
6. Continued downward movement of the upper die shoe 
84 compresses spring 100, which drives the resilient 
plastic bushing 94 against the surface of the panel sur- 
rounding the pierced opening, deforming the panel into 
a generally conical lip 104, as best shown in Figures 6 
and 7. The conical lip 104 extends from the plane of the 
panel 80 and includes an annular lip 106 spaced from 
the plane of the panel 80. The resilient bumper 94 forms 
the panel into the desired shape in the die cavity 98, as 
best shown in Figure 6. Further, details of this operation 
are disclosed in the US Patent 5,335,41 1. The second 
panel 80 is now ready for installation on the first panel 
and fastener assembly formed by the method disclosed 
in Figures 3 and 4, as described below in regard to Fig- 
ures 8 and 9. 

The installation apparatus includes an annular 
plunger 110 which is driven against the driven surface 
56 of the flange portion 24 in an installation head (not 
shown). As described above in regard to the installation 
apparatus for installing the fastener in the first panel 58, 
the installation apparatus may be located in a conven- 
tional die press, such that the second panel 80 is 
attached to the fastener, with each stroke of the press. 
A die button 1 12 is located in the lower die platen which 
includes a central die post 114 configured to be received 
in the opening 1 10 formed in the second panel 80 as 
described above. Figure 8 is an exploded view of the 
assembly for illustrational purposes. In a normal applica- 
tion, the panel 80 will be located on the upper surface 
120 of the die button and retained by the stripper plate 
of the die press. The die post 114 includes a concave 
arcuate surface 116 which blends into the radial outer 
surface 1 1 8 of the die post. 

As shown in Figure 8, the second panel 80 is located 
in the die press with the annular edge 1 06 of the conical 
portion 104 of the second panel 80 facing the first panel 
58. The opening 1 10 is configured to receive the barrel 
portion 22. When the plunger 1 10 is driven downwardly 



in Figure 8, as shown by arrows 122, the internal surface 
46 of the barrel portion is received against the concave 
surface 1 1 6 of the die post, deforming the free end 28 of 
the barrel portion radially outwardly over the edge 104 

5 of the second panel 80. The panel is simultaneously flat- 
tened between the upper surface 1 20 of the die member 
and the first panel 58, which deforms the conical lip 104 
radially inwardly against the outer surface of the barrel 
portion and into the V-shaped recess in the first panel. 

w The second panel 80 is thus deformed against the first 
panel 58, forming an intimate matting face-to-face con- 
tact between the panels and the free end of the barrel 
portion is deformed radially outwardly into an arcuate 
hook-shape over the edge of the second panel surround- 

75 ing the second panel opening in intimate matting contact, 
forming a secure mechanical interlock between the bar- 
rel portion 22 and the second panel 80. The resultant 
fastener and panel assembly has excellent push- 
through, pull-out and torque resistance. The push-out 

20 strength of the panel assembly is about 15 Kn or greater 
than about 3,000 lbs. The torque resistance in a typical 
application is about 120 newton meters. 

Figures 10 and 11 illustrate a typical application of 
the fastener and panel assembly of this invention. Two 

25 fasteners 20 are installed in a bracket assembly 124 
which comprises panels 58 and 80 by the method and 
apparatus descrfoed above. Both fasteners may be 
installed in the panels 58 and 80 simultaneously in a die 
press, as described. The disclosed bracket assembly 

30 1 24 may be attached to a vehicle frame (not shown), for 
example, and a structural element 128, such as an axJe 
assembly, is then attached to the bracket assembly by 
bolts 130. As shown in Figure 1 1. the threaded portion 
1 32 of the bolt is received in the threaded bore 44 of the 

35 fastener 20 and the head 134 is driven against the struc- 
tural element 128, securely retaining the structural ele- 
ment 128 to the bracket assembly 124. In a typical 
application, the bolt is driven into the nut fastener 20 by 
a torque wrench, subjecting the nut to substantial torque, 

40 particularly if the bolt is cross-threaded. Thus, substan- 
tial torque resistance of the fastener is required in many 
applications. In the most preferred embodiment the free 
end 28 of the barrel portion is substantially flush with the 
second panel 80. Further tightening of the bolt 1 30 , thus, 

45 actually requalif ies the fastener and panel assembly by 
further deforming the free end of the barrel portion 
against the panel assembly. Further, as described 
above, the panels are in intimate face-to-face contact, 
preventing any debris from entering between the panels. 

so Finally, the fastener and panel assembly has excellent 
torque resistance, push-through and pull-out resistance, 
providing a very secure assembly, particularly for appD- 
cations subject to vibrational and other forces. 

Figures 12 and 13 illustrate a method of simultane- 

55 ously piercing and deforming a plurality of panels 150 
and 152 in nested relation. The panels 150 and 152 are 
supported on an annular surface 156 of a die member 
154 having an annular die cavity 158 and a central bore 
1 60 which receives the pierced panel slugs 1 62 and 1 64, 
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respectively. The male die member 1 66 includes an arcu- 
ate conical lip 1 68 which deforms the panel portions 1 70 
and 1 72 into the annular die cavity 1 58 as the punch 1 74 
is driven against the panels, piercing the panel slugs 1 62 
and 164 and forming an arcuate panel opening 1 78, as 5 
shown in Figure 13. The panel portion 150 is deformed 
into an arcuate generally frusto-conical lip 170 which 
bl ends into the conical lip 1 72 of panel 1 52. As described 
above, the panels 1 50 and 1 52 may be retained in face- 
to-face relation prior to piercing and forming, such as by w 
spot welding, not shown. Further, the panels may first be 
pierced in a flat die, then deformed into the preferred 
nested frusto-conical shape as shown in Figure 1 3 in two 
steps Finally, as described above in regard to Figure 1 0, 
a plurality of formed openings in the panels 1 50 and 1 52 75 
may be formed for receipt of a plurality of fasteners 20. 
The nested panels 1 50 and 1 52 are now ready for attach- 
ment to the first panel and fastener assembly as shown 
in Figure 14. 

As described above in regard to Figures 8 and 9, the 20 
first panel 58 may first be attached to the fastener 20 as 
described above in regard to Figures 3 and 4. The panels 
150 and 152 are then reversed from the position shown 
in Figure 13, such that the frusto-conical portions 170 
and 1 72 bear against the first panel 58, and the annular 25 
plunger 1 10 is then driven against the flange portion 24 
in an installation head (not shown), which may be located 
in a die press. The die button 1 1 2 includes a central die 
post 1 14 which is configured to receive the free end 28 
of the barrel portion, deforming the barrel portion 28 radi- 30 
ally outwardly against the concave surface 1 1 6 of the die 
post The frusto-conical lips 170 and 172 of the panels 
150 and 152, respectively, then are flattened by driving 
the panels against the first panel 58, driving the lips radi- 
ally inwardly against the outer surface of the barrel por- 35 
tion and the panel 150 is deformed into the generally V- 
shaped recess 78 in the first panel, as described above. 
Thus, the method of this invention may be used to attach 
a plurality of panels to the fastener 20 as described 
herein. Finally, in certain applications, it may be desirable 40 
to attach fastener 20 directly to the panels 1 50 and 1 52, 
which are first pierced and formed as described above 
in regard to Figures 12 and 1 3; that is, the assembly may 
not include a first panel 58. 

As win be understood by those skilled in the art, var- 45 
ious modifications may be made to the fastener and 
panel assembly and method of this invention within the 
purview of the appended claims. For example, as 
described above, the fastener may be a male fastener 
having a threaded or unthreaded shank extending from so 
the flange portion 24 at 26. Further, the fastener may be 
a more conventional nut fastener, rather than the 
enclosed nut fastener disclosed, by removing the tubular 
portion 48. The installation apparatuses disclosed herein 
are for iOustrational purposes only and other apparatus 55 
may be utilized to install the fastener and form the fas- 
tener and panel assembly by the method of this inven- 
tion. Further, although the fastener is preferably installed 
in a die press, the fastener may be installed upwardly. 




wherein the die buttons are located in the upper die shoe 
or die platen. Finally, as described above, the fastener 
and panel assembly may include three or more panels 
which may require extending the barrel portion 22 of the 
fastener. Where the "second" panel comprises two or 
more panels, the panels are preferably formed with an 
upstanding generally conical Op 1 04, as described above 
in regard to Figures 12 and 13. "me panels may then be 
nested and installed simultaneously or sequentially. 

Turning now to Figure 15 there can be seen a nut 
element 20similar to that of Figure 2 but having a knurled 
region in the form of axial splines 42A at the level of the 
axial portion of the rbs 42 in Figure 2. Although the right- 
hand half of Figure 1 5 shows the axial portion of the ribs 
42 of the Figure 2 embodiment it will be understood that 
this is solely for the purpose of illustration and that the 
knurled region 42A in fact extends around the full circum- 
ference of the nut In fact the knurled region win typically 
end in the axial direction just short of a radial plane defin- 
ing the lower side 38 of the flange of the nut element to 
facilitate the manufacturing of the knurled region. Actu- 
ally the knurled region in the form of axial splines need 
not be formed by a knurling operation it could also be 
formed by cold heading or upsetting. 

The installation of the nut 20 of Figur 1 5 takes place 
in just the same way as the installation of the nut of Figure 
2 and the knurled splines 42A serve in the same way as 
the axial portions of the ribs 42 to provide security 
against rotation. In this embodiment there are no radial 
rrbs in the annular groove 40 beneath the flange, how- 
ever such radial ribs could be provided if desired and 
would enhance the anti-rotation properties of the fas- 
tener. 

Figures 16 and 1 7 show an alternative embodiment 
of a nut element 20A. The flange 24, the annular groove 
40 and the knurled splines 42A are realised in the same 
way as in the embodiments Figure 15. 

Alternatively the knurled splines could be replaced 
with discrete ribs 42 as in Figure 2. In the nut element 
20A of Figures 1 6 and 1 7 the threaded portion 44 of the 
nut is provided lower down in the barrel portion of the nut 
and the nut does not extend upwardly beyond the flange 
24. The nut is sealed at the top by a disc 50 in similar 
manner to the nut of the earlier embodiments, however, 
this disc 50 could also be omitted in this and all other 
embodiments if desired. 

Although the lower end of the nut element 20A of 
Figures 1 6 and 1 7 beneath the knurled region 42A could 
be formed in the same way as the lower end of the fas- 
teners of the earlier Figures it is formed here with a pro- 
nounced chamfer 31 to facilitate the alignment of the 
assembly of the nut element 20A and first panel 58 of 
Figure 16 with an aperture in a second panel (not 
shown). This is particularly advantageous when there 
are several fasteners 20A in the first panel 58 which have 
to be aligned with several apertures in the second panel. 

The connection to the second panel is effected in 
this embodiment by a bolt inserted through the second 
panel into the chamfered end of the nut element 20 A. 
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Thr section between the nut element and the 
f irst pan* wned in the same way in the embodiment 
of Figures > 6 and 1 7 as with the previous embodiments. 
Reference numeral 76A shows the material at the ring 
step 36 which is reformed during the f itting operation by 
the die button into the annular rb or lip 76. Generally 
speaking the embodiment of Figures 16 and 17 is very 
similar to the embodiment of the earlier Figures, at least 
with repect to the functional features of the nut and with 
respect to the connection to the f irst panel. For this rea- 
son the same reference numerals have been used and 
wifl be understood to have the same meaning in relation 
to this embodiment as in relation to the earlier embodi- 
ments. A more detained description of these reference 
numerals in relation to the embodiment of Figures 1 6 and 
1 7 is therefore unnecessary. 

The present invention can thus be viewed as a 
method of permanently attaching a fastener to a plurality 
of plastically deformable panels and simultaneously 
securing said panels together in face-to-face relation, 
said fastener including a tubular piercing and riveting 
barrel portion, a flange portion extending radially from 
adjacent said barrel portion and a fastener portion gen- 
erally opposite said barrel portion, said method compris- 
ing the following steps: 

(a) locating said fastener opposite a first panel with 
the free end of said barrel portion facing said panel; 

(b) driving said fastener barrel portion free end 
against said first panel, piercing a slug from said first 
panel and forming an opening in said first panel; 

(c) driving said fastener barrel portion through said 
first panel pierced opening, receiving said flange 
portion against said first panel, and forming a 
mechanical interlock between said fastener and said 
first panel; 

(d) forming an opening in a second panel configured 
to receive said fastener barrel portion; 

(e) locating said second panel on said first panel in 
face-to-face relation with said fastener barrel portion 
extending substantially through said second panel 
opening; and 

(f) deforming said fastener barrel portion radially out- 
wardly over said second panel to securely rivet said 
second panel to said first panel and mechanically 
interlock said fastener to said second panel with said 
fastener portion extending from said first panel to 
attach said further element to said panels 

In this method said fastener flange portion can 
include an annular recess surrounding said barrel por- 
tion and said method can include deforming said first 
panel adjacent sad pierced panel opening into an annu- 
lar groove located in said flange portion forming a 
mechanical interlock between said first panel and said 
fastener. 

Furthermore, the method can include the step of 
deforming an outer surface of said barrel portion spaced 
from said free end radially outwardly over said first panel 



located in said flange portion radial groove to form said 
mechanical interlock between said barrel portion and 
said first panel preventing pull-out of said fastener prior 
to receipt of said second panel. 

5 Said barrel portion can include a first outside diam- 
eter adjacent said free end which is less than a second 
outside diameter adjacent said flange portion defining a 
generally radial shoulder and said method can include 
the step of deforming said radial shoulder radially out- 

10 wardy as defined immediately above. 

The method can also include deforming said second 
panel adjacent said opening forming a generally conical 
lip surrounding said second pane! opening having a free 
edge spaced from the plane of said second panel, then 

is locating said second panel on said first panel with said 
free edge of said second panel engaging said first panel, 
then flattening said Ip to deform said second panel adja- 
cent said opening radially inwardly against said barrel 
portion. 

20 Said fastener flange portion may include an annular 
recess surrounding said barrel portion and said method 
can thai include; deforming said first panel portion adja- 
cent said piereced panel opening in said annular recess 
forming a mechanical interlock between said first pane! 

25 and said fastener and an annular recess in said first 
panel opposite said flange portion, then locating said 
second panel on said first panel with said conical lip of 
said second panel located in said annular recess in said 
first panel, then flattening said second pane! as defined 

30 in claim 16. 

When said barrel portion free end has a first diam- 
eter smaller than a second diameter adjacent said flange 
portion and said barrel portion free end has an outer 
piercing edge, then said method may include the steps 

35 of driving said barrel portion free end against said first 
panel to pierce a slug from said panel having a diameter 
generally equal to said barrel portion free end first diam- 
eter, then driving said barrel portion through said first 
panel pierced panel opening to receive said barrel por- , 

40 tion larger second diameter in said pierced pane! open- 
ing, retaining said fastener in said first panel opening. 

When said barrel portion larger second diameter 
defines a generally radial shoulder, said method includes 
deforming said shoulder radially outwardly over said first 

45 panel adjacent said first panel opening, retaining said 
fastener on said panel. 

Alternatively, the invention can be regarded as a 
method of permanently attaching a fastener to a plurality 
of plastically deformable panels and simultaneously riv- 

50 eting the panels together in face-to-face relation, said 
fastener including a tubular barrel portion, a flange por- 
tion extending radially adjacent said barrel portion and a 
fastener portion generally opposite said barrel portion, 
and said flange portion including an annular recess gen- 

55 erally surrounding said barrel portion adjacent said bar- 
rel portion, said method comprising the following steps: 
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(a) locating said fastener opposite a first panel with 
the free end of said barrel portion facing said first 
panel; 

(b) forming an opening in said first panel configured 

to receive said barrel portion and driving said fas- s 
tener barrel portion through said first panel opening 
and receiving said flange portion against said first 
panel; 

(c) then deforming said first panel adjacent said 
opening into sad flange portion recess securing 10 
said fastener on said first panel; 

(d) forming an opening in a second panel configured 
to receive said fastener barrel portion and deforming 
said second panel adjacent said opening forming a 
generally conical lip surrounding said second panel is 
opening; 

(e) locating said second panel on said first panel in 
face-to-face relation with said fastener barrel portion 
extending substantially through said second panel 
opening and said generally conical lip engaging said 20 
first panel; and 

(0 deforming said fastener barrel portion radially out- 
wardly and substantially simultaneously deforming 
said conical lip of said second panel against said first 
panel radially inwardly to securely rivet said second 25 
panel to said first panel and mechanically lock said 
fastener to said panels with said fastener portion 
extending from said first panel for attachment of a 
further element to said panels. 

The last said method preferably includes deforming 
an outer surface of said barrel portion spaced from said 
free end radially outwardly and against said first panel to 
form a mechanical interlock between said barrel portion 
and said first panel preventing pull-out of said fastener 
prior to receipt of said second panel. 

For this said fastener barrel portion preferably has a 
first outside diameter adjacent said free end which is less 
than a second outside diameter adjacent said flange por- 
tion defining a generally radial shoulder and said method 
includes deforming said radial shoulder toward said 
flange portion and radially outwardly against said first 
panel to form said mechanical interlock. 

Said method may also include deforming said first 
panel in said flange recess to form an annular recess 
surrounding said fastener barrel portion in said first 
panel, then locating said first panel on said second panel 
with said conical lip bearing against said first panel, then 
deforming said second panel against said first panel, flat- 
tening said annular lip of said second panel against said 
barrel portion and improving the mechanical interlock 
between said second panel and said barrel portion. 

Said barrel portion free end may have an outer pierc- 
ing edge and said method then includes driving said bar- 
rel portion free end against said first panel to pierce a 
slug from said first panel having a diameter generally 
equal to said barrel portion free end. forming said first 
panel opening, then driving said barrel portion free end 
through said first panel opening. 



When said barrel portion free end has a first outer 
diameter smaller than a second outer diameter adjacent 
saidf lange portion, said method preferably includes driv- 
ing said barrel portion through said first panel pierced 
opening to receive said larger second outer diameter in 
said pierced panel opening, further retaining said fas- 
tener on said first panel, prior to receipt of said second 
panel. 

Said larger second diameter of said barrel portion 
preferably defines a generally radial shoulder and said 
method then includes deforming said shoulder radially 
outwardly over said first panel adjacent said first panel 
opening, further retaining said fastener on said first 
panel. 

A fastener and panel assembly, including a plurality 
of plasticaDy deformable panels permanently retained in 
face-to-face relation, according to the invention may be 
regarded as comprising: a fastener including a barrel 
portion, a flange portion extending radially from adjacent 
said barrel portion generally perpendicular to said barrel 
portion and a fastener portion generally opposite said 
barrel portion, said flange portion having a V-shaped 
annular groove extending radially inwardly toward said 
barrel portion generally surrounding said barrel portion, 
a first panel having an anniiar opening receiving said 
fastener barrel portion therethrough bearing against said 
flange portion and deformed in said generally V-shaped 
flange portion groove retained to said fastener, a second 
panel overlying said f irst panel having an opening receiv- 
ing said barrel portion therethrough and said ban-el por- 
tion having a free end deformed radiaDy outwardly over 
said second panel permanently attaching said panels in 
face-to-face relation with said fastener portion extending 
from said first panel to attach another element to said 
panels. 

The above fastener and panel assembly may also 
be characterized in that said first panel includes an annu- 
lar generally V-shaped recess surrounding said fastener 
barrel portion spaced from said barrel portion and said 
second panel deformed in said first panel recess, sub- 
stantially filling said first panel recess, and optionally in 
that said second panel is deformed radially inwardly 
against said barrel portion forming an intimate contact 
between said second panel and said barrel portion. 

The fastener and panel assembly can also be char- 
acterized in that said flange portion generally V-shaped 
annular groove includes a plurality of radial ribs and said 
first panel deformed in said V-shaped groove around said 
radial ribs preventing rotation of said fastener relative to 
said panels. 

The fastener and panel assembly may also be char- 
acterized in that said barrel portion outer surface 
includes a radial annular rib spaced from said free end 
bearing against said first panel and entrapping said first 
panel in said flange portion groove. 

Furthermore, the fastener and panel assembly may 
be characterized in that said barrel portion annular rib is 
deformed radially outwardly from an outer surface of said 
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barrel portion against said first panel, entrapping said 
first panel in said flange groove. 

The fastener and panel assembly is preferably char- 
acterized in that said barrel portion includes a f irst por- 
tion adjacent said flange portion having an outside 
diameter greater than a second portion adjacent free end 
and said first panel deformed against said barrel portion 
second portion forming an intimate contact between said 
first panel and said barrel portion. 

Additionally, thefastener and panel assembly may 
be characterized in that said barrel portion free end is 
deformed radially outwardly in an arcuate hook-shape 
over an edge of said second panel surrounding said sec- 
ond panel opening and said second panel is deformed 
radially inwardly against said barrel portion forming an 
intimate mating contact between said second panel and 
said barrel portion. 

Alternatively, the fastener and panel assembly of the 
invention can be regarded as including a plurality of plas- 
tically deformable panels permanently retained in face- 
to-ace relation by said fastener, comprising: a fastener 
including a tubular barrel portion, a flange portion 
extending radially from adjacent said barrel portion gen- 
erally perpendicular to said barrel portion and a fastener 
portion, said flange portion including a generally V- 
shaped annular groove adjacent said barrel portion 
extending radially inwardly toward said ban-el portion, a 
first panel having an opening receiving said fastener bar- 
rel portion therethrough bearing against said flange por- 
tion and deformed into said flange portion generally V- 
shaped annular groove retained to said fastener, said 
first panel including a generally V-shaped annular recess 
opposite said flange portion groove generally surround- 
ing said barrel portion, a second panel overlying said first 
panel having an opening receiving said barrel portion 
therethrough deformed in said f irst panel annular recess, 
and said barrel portion having a free end deformed radi- 
ally outwardly over and against said second panel per- 
manently attaching said panels in face-to-face relation 
and said fastener portion extending from said first panel 
to attach another element to said panels. 

This last named fastener and panel assembly is pref- 
erably characterized in that said flange portion generally 
V-shaped annular groove includes a plurality of radial 
ribs bridging said groove and said first panel deformed 
in said V-shaped groove around said radial ribs prevent- 
ing rotation of said fastener relative to said panels, and/or 
in that said barrel portion outer surface includes a radial 
annular rib spaced from said free end bearing against 
said first panel and entrapping said first panel in said bar- 
rel groove. 

The fastener and panel assembly may also be char- 
acterized in that said barrel portion annular rib is 
deformed in said barrel portion radially against said first 
panel entrapping said first panel in said flange portion 
groove. 

Finally, the fastener and panel assembly can be 
characterized in that said barrel portion free end is 
deformed radially outwardly in an arcuate hook-shape 



over an edge of said second panel surrounding said sec- 
ond panel opening and said second panel is deformed 
radially inwardly against said barrel portion forming an 
intimate mating contact between said second panel and 
5 said barrel portion and securely retaining said fastener 
on said panels. 

Claims 

10 1. A method of riveting a plurality of plastically deform- 
able panels together in face-to-face relation and 
attaching a fastener to said panels for attachment of 
a further element to said panels, said fastener 
including a tubular piercing and riveting barrel por- 

75 tion, a flange portion extending radially from adja- 
cent said barrel portion and a fastener portion 
generally opposite said barrel portion, said method 
comprising the following steps: 
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(a) locating said fastener opposite a f irst panel 
with the free end of said barrel portion facing 
said first panel; 

(b) driving said fastener barrel portion fee end 
against said first panel, piercing an opening in 
said first panel; 

(c) driving said fastener barrel portion through 
said first panel pierced opening, receiving said 
flange portion against said panel and securing 
said fastener to said panel; 

(d) forming an opening in a second panel con- 
figured to receive said fastener barrel portion; 

(e) locating said second panel on said first panel 
in face-to-face relation with said fastener barrel 
portion extending substantially through said 
second panel opening; and 

(f) deforming said fastener barrel portion radially 
outwardly to securely rivet said second panel to 
said first panel and mechanically affix said fas- 
tener to said panels with said fastener portion 
extending from said first panel for attachment of 
said further element to said panels. 



2. A method of permanently attaching a fastener to at 
least one plastically deformable panel, said fastener 

45 including a tubular barrel portion, a flange portion 
extending radially adjacent said barrel portion and a 
fastener portion generally opposite said barrel por- 
tion, and said flange portion including an annular 
recess generally surrounding said barrel portion 

so adjacent said barrel portion, said method compris- 
ing the following steps: 

(a) locating said fastener opposite a first panel 
with the free end of said barrel portion facing 

55 said first panel; 

(b) forming an opening in said first panel config- 
ured to receive said barrel portion and driving 
said fastener barrel portion through said first 
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panel opening and receiving said flange portion 
against said first panel; 

(c) then deforming said first panel adjacent said 
opening into said flange portion recess securing 
said fastener on said first panel; and optionally s 

(d) forming an opening in a second panel con- 
figured to receive said fastener barrel portion 
and deforming said second panel adjacent said 
opening forming a generally conical lip sur- 
rounding said second panel opening; 10 

(e) locating said second panel on saidfirst panel 
in face-to-face relation with said fastener barrel 
portion extending substantially through said 
second panel opening and said generally coni- 
cal lip engaging said first panel ; and is 
(Odeforming said fastener barrel portion radially 
outwardly and substantially simultaneously 
deforming said conical lip of said second panel 
against said first panel radially inwardly to 
securely rivet said second panel to said first 20 
panel and mechanically lock said fastener to 
said panels with said fastener portion extending 
from said first panel for attachment of a further 
element to said panels. 

25 

3. The method defined in claim 1 or 2. wherein said 
method includes deforming an outer surface of said 
barrel portion spaced from said free end radially out- 
wardly and against said f irst panel to form a mechan- 
ical interlock between said barrel portion and said 30 
first panel preventing pull-out of said fastener from 
said pierced opening prior to receipt of said second 
panel. 

4. The method defined in claim 2 or 3, wherein said 35 
fastener tubular barrel portion has a first outside 
diameter adjacent said free end which is less then 

a second outside diameter adjacent said flange por- 
tion defining a generally radial shoulder on said bar- 
rel portion and said method including deforming said 40 
radial shoulder toward said flange portion and radi- 
ally outwardly as defined In claim 3. 

5. The method defined in any one of the claims 2 to 4, 
wherein said method includes deforming said sec- 45 
ond panel adjacent said opening and forming a gen- 
erally conical lip surrounding said second panel 
opening having a free edge spaced from the plane 

of said second panel, then locating said second 
panel on said first panel with said free edge of said so 
second panel engaging said first panel. 

6. The method defined in claim 5, wherein said fas- 
tener flange portion includes an annular groove sur- 
rounding said barrel portion and said method ss 
including deforming said first panel adjacent said 
pierced panel opening in said flange portion annular 
groove forming a mechanical interlock between said 
first panel and said fastener, said annular groove 



optionally including a plurality of radial ribs bridging 
said groove and said method including deforming 
said first panel into said annular groove around said 
ribs preventing rotation of said fastener in said first 
panel. 

7. The method defined in claim 6, wherein said method 
includes deforming saidfirst panel in said flange por- 
tion annular groove forming an annular recess in 
said first panel, then locating said second panel on 
said first panel with said lip free edge located in said 
first panel annular recess. 

8. The method defined in claim 7, wherein said method 
includes deforming said second panel substantially 
flat against said first panel, thereby deforming said 
conical lip radially inwardly against said fastener bar- 
rel portion as said barrel portion free end is 
deformed radially outwardly against said second 
panel, forming a secure mechanical interlock 
between said barrel portion free end and said sec- 
ond panel. 

9. The method defined in any one of the preceding 
claims, wherein said barrel portion free end as an 
outer piercing edge and said method including driv- 
ing said barrel portion free end against said first 
panel to pierce a slug from said panel having an 
inside diameter generally equal to said barrel portion 
fee and, optionally wherein said barrel portion free 
end has a first diameter adjacent to said barrel por- 
tion free end smaller than a second diameter adja- 
cent said flange portion and said method including 
driving said barrel through said first panel pierced 
opening to receive said larger second diameter in 
said pierced panel opening, retaining said fastener 
in said first panel opening. 

10. The method defined in claim 9, wherein said larger 
second diameter of said barrel portion defines a 
generally radial shoulder and said method including 
deforming said shoulder toward said flange portion 
and radially outwardly over said first panel adjacent 
said f irst panel opening securely retaining said fas- 
tener on said first panel. 

11. A method in accordance with any one of the preced- 
ing claims in which the fastener is provided with a 
knurled region underneath the flange in the area of 
the connection of the fastener to the first said panel, 
said knurled region preferably being in the form of 
axial splines, and said end of said fastener remote 
from said flange and beneath said knurled region 
optionally having a chamfer. 

12. A method of attaching a fastener to a plurality of 
plastically deformable metal panels, said fastener 
including a tubular barrel portion having a free end, 
a flange portion adjacent said barrel portion extend- 
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ing radially generally perpendicular to said barrel 
portion and a fastener portion generally opposite 
said barrel portion, said method comprising: 

(a) locating said panels in face-to-face relation; s 

(b) piercing an opening in said panels and 
deforming said panels adjacent said opening to 
form nested upstanding generally frusto-conical 
lips in said panels having an inside diameter 
generally equal to an outside surface of said 10 
barrel portion; 

13. The method defined in claim 12, wherein said 
method includes locating said fastener opposite a 
first panel with said barrel portion free end facing 15 
said panel, forming an opening in said first panel 
configured to receive said barrel portion and driving 
said fastener barrel portion through said first panel 
opening, receiving said flange portion against said 

fist panel; and forming a mechanical interlock 20 
between said fastener barrel portion and said panel, 
then receiving said fastener barrel portion through 
said plurality of panels with said nested upstanding 
generally frusto-conical lips facing said first panel, 
then driving said plurality of panels against said first 25 
panel, flattening said (frusto-conical lips and driving 
said panel lips against said barrel portion outside 
surface as defined in claim 27. 

14. The method defined in daim 13, wherein said 30 
method includes driving said barrel portion free end 
against said panel, piercing said opening in said first 
panel and driving said barrel portion through said 
pierced first panel opening. 

35 

15. The method defined in claim 14, wherein said fas- 
tener barrel portion includes a groove adjacent said 
barrel portion surrounding said barrel portion, said 
method including deforming said first panel in said 
flange groove, forming said mechanical interlock 40 
between said fastener and said first panel. 

1 6. A fastener and panel assembly, including a plurality 
of plastically deformable panels permanently 
retained in face-to-face relation, comprising: a fas- 45 
tener including a barrel portion, a flange portion 
extending radially from adjacent said barrel portion 
generally perpendicular to said barrel portion and a 
fastener portion generally opposite said barrel por- 
tion, said flange portion having a groove adjacent so 
said barrel portion generally surrounding said barrel 
portion, a first panel having an opening receiving 
said fastener barrel portion therethrough bearing 
against said flange portion and deformed in said 
flange portion groove and retained to said fastener, ss 
a second panel overlying said first panel having an 
opening receiving said barrel portion therethrough, 
and said barrel portion having a free end deformed 
radially outwardly over said second panel perma- 
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nently attaching said panels in face-to-face relation 
and said fastener portion extending from said first 
panel to attach another element to said panels. 

17. The fastener and panel assembly defined in claim 

16, characterized in that said first panel includes an 
annular recess surrounding said flange portion 
spaced from said barrel portion and said second 
panel is deformed in said first panel groove. 

18. The fastener and panel assembly defined in daim 

17, characterized in that said groove in said flange 
portion is generally V-shaped extending radially 
inwardly toward said barrel portion, and said first 
panel is deformed into said V-shaped groove to sub- 
stantially fill said flange portion groove, and option- 
ally in that said first panel is deformed into said V- 
shaped groove in said flange portion forming a gen- 
erally V-shaped annular recess in said first panel 
opposite said flange portion surrounding said barrel 
portion, with said second panel preferably being 
deformed in said annular recess in said first panel 
and radially inwardly against said barrel portion 
forming close face-to-face mating contact between 
said panels, said flange portion annular groove opti- 
nally including a plurality of radial ribs and said first 
panel deformed in said V-shaped groove of said 
flange portion around said radial ribs preventing 
rotation of said fastener relative to said panels. 

19. The fastener and panel assembly defined in any one 
of the claims 1 6 to 1 8, characterized in that an outer 
surface of said barrel portion is deformed radially 
outwardly spaced from said free end to form a radial 
annular rib bearing against said first panel, entrap- 
ping said first panel in said flange groove. 

20. The fastener and panel assembly defined in any one 
of the claims 16 to 19, characterized in that said bar- 
rel portion includes a first portion adjacent said 
flange portion having an outside diameter greater 
than a second panel adjacent said free end. 

21. The fasten®- and panel assembly defined in any one 
of the daims 16 to 1 9, characterized in that said bar- 
rel portion free end is deformed radially outwardly in 
an arcuate hook-shape over an edge of said second 
panel surrounding said second panel opening and 
said second panel is deformed radially inwardly 
against said barrel portion forming an intimate mat- 
ing contact between said second panel and said bar- 
rel portion. 

22. A fastener and panel assembly formed in accord- 
ance with the method of claim 1 1 wherein only the 
first panel is riveted to the fastener and the latter 
preferably has a chamfer for facilitating attachment 
of the assembly to one or more further panels rather 
than a tubular barrel rivet portion. 
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